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SUBJECT: Data Storage in Three Dlaenslons 


DATE: 


The storage of operating Instructions and nnnerloal data Is 
perhaps the s»ost important and difficult operation In large eoale digital 
computers* Large scale oonpnters hare in the past been aade ispractloal 
by laok of satisfactory data storags means. Bleotrostatlo storage tubes 
show satisfactory promise of operating as storage dsvloss for the Whirl¬ 
wind series of ooqguters. It Is, however, dear that storsge tubes do not 
represent the ultimate In data storage devices* If other promising storago 
methods can be discovered they will be studied for evaluation. The storago 
method outlined below shows some promise fad will be lnveetlgated to deter¬ 
mine Its possibilities* Glow discharges which might permit 3-dimensional 
storage arrays as outlined beloif are now being investigated as a thesis 
suojeot by Nr. Marital. The onto one of his work should indloate the lines 
for future study If additional work vis shown to be desirable. 


The concept of digital storage has passed from that of a vacuum 
tube, namely, the storing of a pleoe of Information In a flip-flop circuit 
to surface storage where a single olrouit oontrols many points of Infor¬ 
mation on an area. This method of storing on an area as used In our 
eleotrostntlc tube and the RCA Seleotron still falls far short of effective 
use of the volume oocupled by the storage equipment. Sfflolent storage will 
be possible only If points can bo olosely spaced in a 3-dlmenslonal volume.. 
Storage In a volume can be readily imagined If a suitable form of non-linenr 
impedance having a double valued current-voltage characteristic Is available 
Such an inpsdanos might export two different values of conduction current 
at a given operating voltage. 


Examples of such an lspedance characteristic are provided by ths 
ordinary gas discharge tube and also by the germanium orystal reotlfler In 
the reverse current dlreotlon. The gas discharge requires a voltage to 
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Initiate conduction whioh is higher than that required to maintain current 
flow. The reverse current characteristic of the germanium crystal rectifier 
is shown in drawing Ho* A-30363. Operation of a storage system using a 
double valued iqtedanoe is most simply explained for 3-dimensional storage 
before proceeding to the 3-dimensional system. 

Consider drawing Ho. A-30468° Illustrated are two sets of con¬ 
ductors orossing one another. Imagine a double valued lipedanoe element 
tied between each crossover point of the two sets of conductors. Let the 
lmpedanoe characteristics of each of these elements be as ahown in A-30363° 
As typical operating voltages for the lmpedanoe, assume that V is the 
breakdown voltage between the first and second stable opeiatlng points, 
identified on the drawing as currents I, and I.. Identify the transition 
voltage from the seoond to the first operating**states as tne extinction 
voltage V # « The normal operating voltage V Q is capable of sustaining 
either current 1^ or I^. 

Suppose that the storage Junotlon at the point 43 1 is to be 
plaoed in conducting condition Ip* All lines 1 to 6 are normally at 0 volts 
and all lines 1' through 6' are normally at Vq volts. The voltage on 3* is 
raised and the voltage of line 4 is lowered by an equal amount until their 
difference exceeds voltage V • This is above the breakdown voltage and 
conduction will be in the region "0". Voltages at 4 and 3* can then be 
returned to normal with assurance that the Impedance between line 4 and 3' 
is in the seoond conducting state. In the above operation, all other im¬ 
pedance elements either continued to operate at voltage V Q or if connected 
to either line 4 or line 3* were raised half way between voltage Vq and V^. 
Either way, the unselected Impedance elements would have remained in their 
respective operating regions adjacent to current 1^ or ourrent I^. 

t « 

Current conduction in the region I, is established by a similar 
process wherein the voltage 3* is lowered and the voltage on line 4 raised 
by an equal amount until their difference is less than the voltage V • 

The information stored at the non-linear lmpedanoe point oan be 
read by noting the ourrent change at line 4 caused by a voltage pul Be at 
line 3». An lipedaaoe in state I. will conduct only a small change in 
current in response to a voltage pulse oompared to the change in current 
which will be conducted by an impedance in state Ig. 


Three-Dimensional Glow Discharge Storage 

It should be possible to develop a useful double valued lmpedanoe 
storage cell as a low pressure gas glow discharge. In drawing No. A-30489 
is shown a typical static ourrent versus voltage relationship for a gas 
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disoharg* froa 0 oar rant into ths region of aro oonduotlon. Current is 
plotted on a logarithm o aoale. It will be noted, aa in drawing Ar-30363, 
that two atable operating current* can exist, one prior to breakdown of 
the glow discharge which represent* an extremely snail current with little 
current change as voltage changes and one In the abnomal discharge 
region where current Is relatively high and where current change Is great 
with a change In voltage. She nornal discharge region Is ons of essentially 
constant voltage with varying current. In this region the cathode area le 
not entirely covered by the glow discharge. After the cathode Is entirely 
covered by the glow discharge oonduotlon exhibits the characteristics of 
the abnoraal discharge region where a positive resistance characteristic 
predominates, for a glow discharge storage cell, the normal discharge 
region should be shortened as Bruch as possible through the use of saall 
cathode areas. Such a statlo discharge curve might exhibit the character¬ 
istics of drawing Mo. A-30490. Operation at current I. and I_ and at 
voltages betMsn and V would be as described earlier. It “would be 
necessary to design the glow discharge electrodes In such a Banner that 
the positive resistance characteristic In the region of I^ would stabilise 
ourrent glow without a series resistor. 

Consider now a possible physical arrangeaent of glow discharge 
gaps and a selecting system for switching to the proper storage oell. If 
a glow discharge is used for storage then a gas breakdown system might 
well be used to switch the lnooalng lines, for writing, and for reading. 
Suitable switching mast be incorporated Inside the tube to reduce the 
rmmber of external lines and the number of vacuum seals. Consider a 
switching system and 3-dlmenslonal storage matrix as shown In drawing 
Ho. A-30491. The matrix oonsiets of a 3-dimensional array of parallel 
wires extending through perforated plates. In addition to passing through 
the storage plates the 2-dimensional array of wires also passes through 
clearance gaps in the horlsontal and vertical selecting bars and In the 
collector plate. Clow discharges may be established at each of these 
intersections between storage wires and the plates and bars. 

The schematic diagram in drawing Ho A-30493 chows the arrange¬ 
ment of gas discharge gaps Involved In a single selection and operating 
prooess. Cap ▲ exists between a vertloal selection bar and the storage 
wire. Cap B Is between a horlsontal selecting bar and the storage wire. 

Cap C lies between the collector plate and the storage wire, while Oap D 
Is between the storage wire and the storage plate. Oap X Is between the 
storage plate and the outgoing lead to this plate while flap f Is between 
the storage plate and the common control wire to all storage plates. 

The following table shows a compatible eet of gap characteristics. 
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Table 


Kxtinquish 

Voltage 


Ignite 

Voltage 


Operate 

Voltage 


daps B, and K show voltage regulator characteristics with 
constant voltage drop over a wide current range. Qaps 0 and T show a 
relatively high breakdown voltage but with a large onthode area whioh does 
not reaoh the abnoraal glow region la operation. Gap D le the storage gap 
previously described which exhibits a high breakdown voltage and an 
operating point In the abnoraal glow region. All gaps operating In the 
norsial region are stabilised by current liaitatlon at the abnoraal glow 
gap D. Drawing No. A-30493 shows the three shapes of glow discharge 
characteristics at the six gaps. 


Drawing No. 30492 shows nomal holding voltages at the 
various eleotrodes with arrows showing eleotron flow paths during standby 
conditions. A potential difference of 2V exists across gap D which nay 
be in either the conducting or nou*conduofing state. Consider the 
following sequences of switching and controlling operation. 


1. Selection 


Selection of a storage gap is done in such a manner that the controlled 
voltage V on the collector plate and voltage V^on the coaaon wire can be 
used for establishing either the conducting or non-conducting state at the 
gap or to read the state of the gap. The following steps are required! 

a. Reduce V fc to voltage 2V e and raise V ? to 3.6V. 

Result! Gap t extinguishes* Voltage V g drop*. Gap 1 fires 
when V- equals 1.5V . Voltage across D has dropped 
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to 1.6V # but doea not alter lta on or off condition. 
After breakdown of gap J, V- rleee to 2.6V bringing 
drop aoroee all gape D In this plate to 2.oV . 

b. Reduce V ? from 3.6V # to 3.0V # . 

Results V. returns to 2.0V . 

6 e 

o. Raise V. and V_ from -V. to 0. Reduce V. froa -0.6V. to -1.6V . 

Results Qap A and B extinguish (probably only one was 

originally on). V, rises to 0.6V • Qap C breaks 
down and Is the only conducting gap In the oolleotor 
plate. This operation disconnects the storage wire 
froa gaps A and B and oonnects it to the oolleotor 
plate through gap C. 

d. Raise V. to -V . 

4 e 

Results V 3 ii now at 0 volts under the control of V. and V ? » 

Only the gap C for the particular storage wire under 
consideration and the gap f for the particular storage 
plate under consideration are fired. Ho other C or 7 
type gaps are oonduotlng. All other storage wires 
and storage plates are controlled by their respective 
V^, V 2 , and Vg voltages. 

/ 

2. Qap Control 

Switching is now complete and the sequence oan be followed to write 0, 
write 1, or read at the gap seleoted. By a corresponding process to steps 
a through d the line V 4 and V„ could have been connected to any other 
storage gap. Voltages at operating points are now as followss 

V. » -V., V, - 0, V, - 2V , V„ - 3V 

4 e* 3 6 e 7 e 

»« Assume the digit 1 is to be written corresponding to conduction 
at gap D. Reduce Y. to lees than -1.6V . Raise V 7 to more than 
3.5V a . 4 6 

Result: Voltage aoross gap B is above 3.0V and breakdown will 
oocur. The aaxlnuB voltage across any other gap D is 

2.6V and other gaps will not be ignited. 

© 

b. Assume that the digit 0 is to be written corresponding to no 

conduction at gap D. Raise V 4 above -0.6V # . Reduce V ? below 2.6V # . 

Result: Voltage across D is below V and the gap will be 
extinguished. The mlnlBua voltage on ary other 
storage gap will be 1.6V so that other conducting 
states will not be affeoted. 
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o> Aiium as ths third possibility that the oondition of gap D it to 
bo road. Hold V 4 at -7 # . Bait# from 3V # to 3.67 # . 

Revolt] If D it conducting there will be a large current 
increase through gap D which oan be obserred as 
an inornate of current to the oolleotor plate* If 
gap D it not conducting little current increase will 
occur at the oolleotor plats. 

The storage and switching ays tea described abort requires dis¬ 
charged gaps idxioh can be constructed to asst epee if led breakdown and 
extinction roltages and which exhibit extreae stability in these voltage ' 
characteristics. 

firing and deionising tiae Bust be short and ths pulse impedance 
of a gap anst be low. The above discussions hare been carried out in terns 
of the statlo glow discharge characteristic. This static characteristic is 
known not to hold under pulse conditions but it is anticipated that siallar 
curves, differing in naaerloal values, will prevail. 

Until additional inforaatlen is collected and until tests with 
especially designed gaps have been oo^ileted, it will be ligMaslble to 
evaluate the proaiee shown by tbs systea outlined above. The anjor probleae 
seea to be the short operating tlass required and the problem of obtaining 
uniformity in gaseous discharge performance. 

Advantages of the systea are rather obvious. Storage senslty will 
be high since storage is in a volume rather than in Individual circuits or 
on a surface. Mechanical asssably will be relatively easy except for the 
problems Involved in o' talnlag accurate gap tolerances and perforaanoe. 

The systea Inherently includes aost of ths switching as well as the storage 
funotlon. The number of seals necessary to be brought through the glass 
are practical and amount to the cube root of the number of storage gaps 
plus the two control wires. In construction the storage volume eight take 
the fora of parallel aetal plates perforated for passage of the storage 
wires with these plates interleaved by oeraalo barriers to confine ths glow 
discharge to the individual gap structure. Work on this storage aethod 
will be assigned low priority until it reaches the stage idle re evaluation 
is possible. 


JWivh 
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STORAGE PLATE:! 
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3-dimensional storage 
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SCHEMATIC OF STORAGE GAPS 
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